Abstract : This study was conducted to know the variation and relationship of rice grain quality and starch pasting properties by transplanting times. Two early maturing rice cultivars which accounted for the most area of early maturing rice cultivar in Chungnam province were used. The experiment was laid out in a split-plot design with 3 replications. The main plot consisted of three transplanting times viz. early (April 25), ordinary (May 25) and late (June 25) with sub-plots containing two cultivars. According to the transplanting times, most of rice grain quality and starch pasting properties showed significant difference and Joami showed higher grain quality than Unkwang in all transplanting times. Especially, rice grain quality was improved when transplanted late, showing high head rice and glossiness of cooked rice due to the lower mean temperature during grain filling stage. Glossiness of cooked rice was positively correlated with head rice ratio, amylose content and setback value, and negatively correlated with chalky rice ratio and protein content. The highest positive and negative correlation were observed between breakdown value and peak viscosity (r = 0.98**), and breakdown and setback (r = -0.94**), respectively. These results provide some information for rice researchers and producers producing cultivars with an improved quality, suggesting that rice quality is highly influenced by temperature at grain filling stage, and transplanting times is crucial in improving rice quality. In addition, starch pasting properties are useful for determining rice quality because rice grain quality and starch pasting properties are dependent on each other.
I. Introduction
Rice grain quality is the most important consideration due to the elevated living condition and increased demand for high quality rice. Therefore, producing high quality rice is the top priority in rice production, and many researches for understanding the relationship between rice quality and other traits have been conducted for the last few decades. Rice grain quality was severly affected by mean temperature during grain filling stage (Yanase et al., 1984; Yoshinobu et al., 2007) . Chun et al. (2009) reported that rice quality decreased, showing increased chalkiness and decreased palatability, because of the high mean temperature during ripening stage. Nishimura (1985) showed that heading date affected the chemical components like alkali digestion value, and amylose and protein content because heading date might determine the mean temperature during grain filling.
These results imply the casual relationship between heading date and grain quality, and environmental factor is very important in producing high quality rice. Also, rice grain quality was reported to be different among cultivars tested under high temperature (Nishimura et al., 2000) , and heading date of early maturing rice cultivars is more variable than mid and mid-late maturing rice cultivars by transplanting times (Choi et al., 2005) . 'Unkwang' (Unbong 30), widely grown since 2004 due to its high yield, showed the worst appearance and grain quality among cultivars tested when cultivated in plain areas by early season cultivation (Lee et al., 2008) . For these reasons, there is a need to replace 'Unkwang' with other early maturing cultivars with better quality, and 'Joami' (Sangju 36) was selected as a suitable early maturing cultivar in middle plains areas due to the high head rice yield and eating quality (CNARES, 2009) Amylose content is considered as the most important factor affecting eating quality. Because rice accumulates starch in the grain endosperm as energy reserve.
Starch comprises 90 percent of the total dry weight of milled rice. Eating and cooking quality of rice is mainly influenced by properties of its starch, which is comprised of amylose and amylopectin. However, amylose content can not explain the variation of cooking and eating qualities between rice samples with similar amylose content completely (Chung et al., 2011; Han et al., 2001; Ramesh et al., 1999) .
Starch pasting properties using rapid viscosity analyzer (RVA) is commonly used for pasting and physicochemical property tests as a prediction of cooked rice texture Juliano 1966; Shu et al., 1998) . Therefore, this study was conducted to know the variation of rice grain quality and starch pasting properties by transplanting date in middle plain area using 'Unkwang' and 'Joami' cultivars, and understand the relationship between rice quality traits and starch pasting properties.
II. Materials and Methods

Plant materials and field trial
Seedlings of two early maturing rice cultivars were Temperature during 40 days after heading. b) Sunshine hour during 40 days after heading.
c)
Days required to reach 1,100℃ of accumulative temperature after heading.
Statistical analysis
T-test, analysis of variance and correlation were performed using SPSS software (Ver. 18.0.0). Phenotypic means of each rice sample were compared using Duncan's multiple range test.
III. Results and Discussion
Meteorological data
The graphs for meteorological data of rice growth duration in Yesan are shown in Fig. 1 . Mean temperature of the average 10 year and 2010 were similar showing that temperature continually increased from May to August, and then decreased. However, the mean temperature in 2010 was a little lower in May, and higher in August and September than the average year. In Table 1 , two early maturing rice cultivars showed very similar heading dates, and accumulative temperature for 40 days after heading was lowest in the late transplanting, but the sunshine hour was the lowest in the ordinary transplanting time. The mean temperature during the grain filling stage for the late transplanting was lowest, and were similar for both cultivars in the ordinary and early transplanting. Especially, harvesting time was delayed in the late transplanting, because the mean temperature decreased after August 10 th (Fig. 1) .
Rice grain quality is a complex character and many components such as appearance, cooking qualities and eating qualities are involved. Among these properties, consumers often pay more attention to appearance (Guo et al., 2011) because it influences customer selection when buying rice. For example, rice with high head and lower defects is considered to be high quality, and the appearance quality can easily be compared by customers in a short time without any equipment.
Rice appearance traits according to transplanting times and cultivars are summarized in Table 2 . Head rice ratio was the highest in the late and lowest in the ordinary transplanting for both cultivars, but the chalky rice ratio showed a reverse trend. This result might be due to a difference in the mean temperature during the grain filling stage. Because high temperatures interfere with kernel development and reduce carbohydrates in rice plants at the grain filling stage leading to a decrease in head rice ratio (He et al., 1990; Morita et al., 2008; Morita and Nakano 2011) . However, 'Joami' showed higher head rice ratio than 'Unkwang' in all transplanting times suggesting that the rice appearance quality was also affected by genetic factor and developing heat tolerance rice is one way to produce high quality rice (Morita 2008 ).
In Table 3 , physicochemical property and eating quality according to the transplanting times were summarized. As for the protein, 'Joami' showed a higher content than 'Unkwang' in all transplanting times, and the content was lowest in the late transplanting and the highest in the ordinary. Amylose content of rice which was recognized as one of the most important determinants of eating and cooking quality, ranged from 18.2% to 19.3%, displaying that there was no difference between two cultivars, with the highest at the late transplanting and the lowest at the ordinary. Glossiness of cooked rice (GCR) is generally used for the indirect index for eating quality due to the high correlation between GCR and eating quality (Azuma et al., 1994; Hoshi et al., 1995; Nagasawa et al., 1994) . In this study, the highest GCR value was displayed in late transplanting and lowest in ordinary, and 'Joami' showed higher value than 'Unkwang' in all transplanting times. These results coincide well with previous studies, showing that high temperature at the grain filling stage influences the physicochemical property such as protein and amylose content (Aboubacar et al., 2006) . Jin et al. (2005) evaluated the influence of the temperatures at the filling stage on the activities of key enzymes related to grain starch synthesis to understand how temperature influences the biochemical characteristics, and showed that starch synthesis is dependent on temperature.
Especially, the activity of SBE (strarch branching enzyme) is sensitive to temperature and reached a maximum at 25℃, after which the activity decreased with temperature rising. In general, protein content was negatively correlated with eating quality (Akio et al., 1992; Juliano et al., 1965) as rice with higher protein content displayed lower adhesiveness and water uptake ratio than that with low protein content, and was also associated with a decrease in the glossiness, taste and stickiness of cooked rice (Yanase et al., 1984; Yoshinobu et al., 2007) .
Amylose content is considered as the most important factor affecting eating quality. However, amylose content alone can not explain the variation of cooking and eating qualities between rice samples with similar amylose content (Chung et al., 2011; Han el al., 2001; Ramesh et al., 1999) . There have been many researches to efficiently use the starch pasting properties in rice Juliano 1966; Shu et al., 1998) . In order to determine the starch viscosity characteristic of rice according to the transplanting times, starch pasting property was evaluated for all rice flour sample with three replications. As shown in Table 4 , most of the starch pasting properties, including PST, PKV, HPV, BDV, CPV and SBV were not significantly different between two cultivars, but all of these properties showed difference among transplanting times., PKV, HPV, BDV and FV at the late transplanting were the lowest, but PST and SBV were the highest. Dang and Copeland (2004) showed that higher amylose content in the coldest season attributed to the higher setback in rice, and lower amylose content Significantly different between two cultivars at 0.05 and 0.01, respectively. was also related with greater breakdown, lower cool paste viscosity, and negatively setback in wheat, in which amylose content ranged from 17.5 to 23.5% (Zeng et al., 1997) . Therefore, these results suggested that environmental factor also severely affect the starch pasting properties.
To comprehensively understand the relationship between rice quality and starch pasting property, the pairwise correlation analysis was conducted, and then summarized in Table 5 respectively. These results were consistent with the previous study that amylose content was positively correlated with setback and consistency viscosity (Juliano et al., 1964 , Shu et al 1988 , but negatively correlated with peak viscosity and breakdown (Tong et al., 2014) . Our study indicates that starch pasting properties could be a useful indicator because these values were different between samples with similar amylose content, and most of rice quality traits and starch pasting properties showed a significant correlation.
IV. Conclusions
The results of this study demonstrated that rice quality traits and starch pasting properties were influenced by transplanting times. Especially, late transplanting times was the benefit to produce high quality rice than early and ordinary one due to the lower mean temperature at grain filling stage, and 'Joami' showed higher grain quality than 'Unkwang' in all transplanting times. Through the correlation analysis, we knew that starch pasting properties could be a useful indicator in breeding program for selecting a desirable rice cultivar having good quality because most of rice quality traits and starch pasting properties showed a significant correlation.
